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Spring Waters' Effects on the Sensory Perception of Sour Taste 
SusanG. Key 
Abstract 
The use of water is vital to the maintenance of a quality system of sensory 
evaluation of foods and of the overall quality of foods. Currently, there are no set 
standards for the type of water used in sensory testing. The objective of the study was to 
determine how difference in spring water influence the perception of sour taste. Triangle 
tests were used to determine if differences exist between seven pairs of five different 
spring waters. Citric acid was used to prepare the solutions for the triangles. Significant 
differences were found between members of all seven pairs of waters. The differences 
were attributed to differences in pH and titratable acidity values. 
Introduction 
Sensory evaluation plays an important role in the food industry today. Within the 
sensory evaluation of foods, water is commonly used as a carrier and as a rinse. To date, 
there is no set standard for what type of water that should be used. Only a few 
suggestions as to types of water to use exist. One example is the recommendation that 
water that is used in sensory studies not be too heavy, too chlorinated or too hard 
(Jellinak, 1985). Such a suggestion leaves a wide span of potential variation in the water 
that is selected for use. The span increases even more when one considers all of the 
different types of water such as tap, distilled, double distilled, deionized, well, sparkling, 
spring, and mineral. This open attitude toward the type of water that is used is contrary to 
the standard of controls in scientific research. This leaves sensory research that 
incorporates the use of water vulnerable to error from to differences in water such as 
taste. 
One of the basic tastes that could influence the apparent taste of water is sour. 
Amerine et a1 (1965) defined sour as the "taste sensation caused by acids". Sourness 
originates from Lowry-Bronsted acids that are able to donate a proton (Noble et al., 
1986). Acids included in this definition that have been proven sources of sour taste are 
citric acid, tartaric acid, lactic acid, malic acid and acetic acid (Amerine et al., 1965). The 
perception of sourness varies with the strength and type of these acids. Weak organic 
acids are perceived to be sour at higher pH values than strong acids (Kendrick, 1931; 
Beatty and Cragg, 1935). When pH levels are the same, mineral acids are perceived as 
being less sour than weak acids (Richards, 1898; Kahlenberg, 1900). Strong acids in 
equinormal solutions are perceived to be more sour than weak acids (Richards, 1898). 
Other variables besides the strength and type of acid that influence the 
perception of sour taste have also been noted in research studies. Studies have indicated 
that the perception of sourness is influenced by how far the acids penetrate into taste cell 
membrane (Ganzevles and Kroeze, 1987). Another study suggests that the perception is 
also dependent on the pH of the acid solution. Research conducted by Kenrick and Beatty 
and Cragg found that "the amount of phosphate buffer required to bring the pH of acid 
solutions to equimolar concentrations to about 4.5, was proportional to the relative 
sourness" (Ganzevles and Kroeze, 1987). In addition, studies have shown that sourness 
is affected by the hydrogen ion concentration and titratable acidity of solutions 
(Harvey, 1920; Norris et al., 1984). These are just a few relationships dealing with the 
perception of sourness that have been documented. 
Additional research has been conducted on the perception of sour taste in different 
types of water. In a study on the selection of sensory panelists based upon their ability to 
identify basic tastes in low concentration solutions, Hough et al. (1993) found differences 
in perception of the sour taste in different types of water. In further research, it was 
determined that the perception of sour taste varied in tap, mineral, and distilled waters. It 
was found that the perception of sourness was greatest in distilled water. This was 
attributed to the low hardness and alkalinity of the distilled water. In mineral water, it was 
determined that the salt neutralized the acid to a level equal to that of tap water when 
citric acid concentrations were low. At higher concentrations ofthe acid, the same 
relationship did not exist. The sour perception was greater in mineral water than in tap 
water in relatively high citric acid concentrations. (Hough et al., 1993) 
These studies have opened a new realm of research possibility for the study 
of the sensory evaluation of foods. They have shown that differences in water can 
influence the perception of the sour taste. Therefore, the focus of this research will be on 
how sensory and chemical differences in bottled water influence the perception of sour 
taste. The objective of this study is to determine how differences in spring water influence 
the perception of sour taste. 
Materials and Methods 
Triangle tests were used to determine if there is a difference between citric acid 
solutions made with different brands of bottled spring water. The twenty-one untrained 
panelists were familiar with participating in sensory panels. Two replications ofthe panels 
were conducted. 
Solutions of citric acid were made using five different bottled spring waters. These 
waters were chosen based on previous sensory evaluations that showed differences 
between them (Burns, 1998). The solutions were prepared with 0.03g of citric acid per 
100 mL of water. This level was based on the suggested levels ofO.02g, O.03g, and O.04g 
per 100 mL for use in the detection of sour taste (Jellinek, 1985). The intermediate level 
was chosen since it is desirable in this experiment for the panelists to be able to detect the 
sour taste. The citric acid was weighed out on plastic weigh boats. Then, the citric acid 
was placed in a mixing cylinder and brought to volume with the appropriate spring water. 
The panelists were given 14 triangles in each of two replications. The order of 
presentation was random and samples were coded with three digit random numbers. The 
order of presentation was randomized across each judge. There were eight panel sessions. 
Four triangles were presented to the panelists in the first, second, fifth, and sixth sessions. 
Three triangles were given to the panelists in the other sessions. The solutions of the 
following combinations of waters were used: Crystal Springs®/Crystal Geyser®, Crystal 
Sprlngs®1 Naya®, Crystal Springs®1 Evian®, Evian®lMountain Valley®, and Evian® 
ICrystal Geyser®. The samples were 40 mL each. They were served in 50 mL glass 
beakers to prevent the leaching of off-flavors that was possible with other types of 
containers, such as plastic and metal. The panelists were also provided with a 40 mL 
rinse. The rinse was prepared with the 2 waters (20 mL of each) that were presented in 
the triangle. The panelists were provided with cups for optional expectoration. The 
panelists were directed to determine the different sample and to describe the difference. 
The glass beakers were washed in a dishwasher. Then, they were stored inverted in 
a cabinet with paper covered metal shelves. This was to help prevent the glassware from 
picking up :flavors and aromas that could affect the panelists' evaluation of the water 
samples. 
In addition, the pH was measured for two 40 mL samples of each of the spring 
waters used and samples ofthe citric acid solutions made with the waters. The amount of 
acid or base required to bring 40 mL samples ofthe waters to a neutral pH of7.0 ± 0.05 
was also determined. The 0.05 HCI and NaOH were added to the samples using an 
electronic pipetter (Burns, 1998). Both of these tests were performed in order to detect 
any differences between the waters. 
The results of the research were analyzed to determine significant differences. 
Statistical tables for estimating significance in triangle tests were used to evaluate the 
results of the panels (Roessler et at, 1978). SAS was used to analyze the results of the 
pH and titratable acidity values of the waters and solutions. 
Results and Discussion 
Statistical analysis showed that there were significant differences between members 
of all seven pairs of citric acid solutions. The total number of correct responses and the 
number of correct responses needed to establish significant differences are shown in 
Figure 1. The triangles with the pairs ofNaya®/Crystal Springs®, Mountain Valley® 
ICrystal Springs®, and Crystal Geyser®/Crystal Springs® had the highest numbers of 
correct responses. The pairs of Mountain Valley®lEvian® and Naya® IEvian® were the 
least different. Although significantly different from each other, the panelists had the most 
trouble choosing the odd sample in triangles of these two pairs of solutions. 
When the correct responses are examined by triangles, not all of the waters were 
found significantly different. Figure 2 shows the number of correct responses for each of 
Figure 1- Significant differences (p>O.05) between the citric acid solutions of the five 
s rin waters. 
80 
70 
III 60 _ Total Nurrber .. 
I of Correct 
III 50 Responses 
~ 
1 40 .. --+- Nurrtler 0 30 (.) Correct 




!l! G) !l! ~ !l! ~ !l! 
m f ~ 1 ~ "I ~ C) E c C) E c c 
Triangles 

















a e-Evian®, s-Crystal Springs®, g-Crystal Geyser®, m-Mountain Valley®, n-Naya® 
the fourteen triangles and the number of response needed for significant difference within 
the triangles. The Naya® IEvian® triangle with Evian® as the odd sample showed no 
significantly differences between the two waters. 
The choice of the correct odd sample was influenced by which water was the odd 
sample in the triangle. Panelists were better at choosing the correct odd sample when 
Evian® was the odd sample in the Evian®/Crystal Spring®s pairing. In contrast, the 
panelists responded correctly more often when Crystal Geyser® was the odd sample in the 
triangles with Evian®/Crystal Geyser®. 
The differences can be attributed to differences in the pH and titratable acidity of 
the waters and solutions. The mean initial pH and titratable acidity values for the five 
spring waters can be viewed in Table 1. The initial pH value for Crystal Springs® (7.3) 
was significantly lower than the initial pH values of the other waters. The same difference 
between Crystal Springs and the other waters was also found in research conducted by 
Burns (1998). This corresponds to Crystal Springs® being found to be significantly 
different from all of the other four waters. The other four waters were not significantly 
different from each other. 
The titratable acidity ofEvian® was significantly different from that of Crystal 
Geyser® and Crystal Springs®. Crystal Geyser®, Mountain Valley®, and Naya® had 
titratable acidity values that were significantly different from Crystal Springs®. The 
differences in five of the pairs of waters (Evian®/Crystal Geyser®, Evian®/ Crystal 
Springs®, Crystal Geyser®/Crystal Springs®, Mountain Valley®/ Crystal Springs®, and 
Naya®/ Crystal Springs®) corresponded to significant differences within the titratable 
acidity values of the pairs. Also, waters which had high, but equal, titratable acidity values 
Table 1 -Mean pH of the waters and their citric acid solutions and amounts of N aOH or 
HCL required to adjust pH of five spring waters to pH of 7.0 ± 0.05.a 
Brand of Water Initial pH of citric NaOH (JlL) HCL (JlL) 
QH acid solution 
Evian® 8.25a 7.83a NA 6669.05 a 
Crystal Geyser® 8.36a 6.96b NA 4946.43b 
Mountain Valley® 8.30a 5.86c NA 5718.18ab 
Naya® 8.43a 6.47d NA 6085.00ab 
Crystal Springs 7.34b 3.46e 250 572.50c 
a Within each column, means with the same letter are not significantly different (P<0.05). 
had the lowest correct response rates, reflecting the role of buffering in the perception of 
sour taste 
The mean initial pH values for the citric acid solutions made with the five spring 
waters can be viewed in Table 1. The pH values for all of the solutions were significantly 
different from each other. The pH value for the solution with Crystal Springs® was very 
acidic relative to the values of the other four solutions. This high level of acidity explains 
the high number of correct responses in triangles that included Crystal Springs®. These 
differences in the pH and titratable acidity values were a reflection of the differences in the 
five spring waters. 
These results show that the type of water is critical to results obtained in sensory 
evaluation tests, specifically those involving the basic taste of sour. Previous work at this 
sensory laboratory indicated that although spring waters differ in taste, the water used as 
the carrier does not significantly influence the perception of sweet taste (Burns, 1998). 
This is obviously related to the differences in chemical properties, such as acidity and 
buffering capabilities, between sucrose and citric acid. 
-----------------------------------------------------------------------------------
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Appendix 
Sensory Panel Raw Data 
Judge# Rep Order Triangle Correct 
# 
1 1 1 14 1 
1 1 2 1 1 
1 1 3 5 1 
1 1 4 11 0 
1 1 5 8 1 
1 1 6 4 0 
1 1 7 6 0 
1 1 8 9 0 
1 1 9 7 1 
1 1 10 13 1 
1 1 11 10 1 
1 1 12 12 0 
1 1 13 3 0 
1 1 14 2 1 
1 2 1 8 0 
1 2 2 2 1 
1 2 3 9 1 
1 2 4 7 0 
1 2 5 13 0 
1 2 6 10 1 
1 2 7 3 0 
1 2 8 1 0 
1 2 9 5 0 
1 2 10 4 0 
1 2 11 14 1 
1 2 12 6 1 
1 2 13 11 1 
1 2 14 12 0 
2 1 1 8 1 
2 1 2 3 1 
2 1 3 13 1 
2 1 4 4 1 
2 1 5 2 1 
2 1 6 10 1 
2 1 7 12 0 
2 1 8 6 1 
2 1 9 9 1 
2 1 10 11 1 
2 1 11 1 0 
2 1 12 5 1 
2 1 13 7 0 
2 1 14 14 1 
2 2 1 13 1 
2 2 2 3 1 
2 2 3 4 1 
2 2 4 8 0 
2 2 5 5 1 
2 2 6 10 1 
2 2 7 7 1 
2 2 8 2 1 
2 2 9 6 1 
2 2 10 12 0 
2 2 11 1 1 
2 2 12 11 1 
Sensory Panel Raw Data 
2 2 13 9 1 
2 2 14 14 1 
3 1 1 5 1 
3 1 2 7 1 
3 1 3 13 1 
3 1 4 14 1 
3 1 5 4 1 
3 1 6 10 1 
3 1 7 11 1 
3 1 8 3 1 
3 1 9 2 1 
3 1 10 8 1 
3 1 11 12 1 
3 1 12 9 1 
3 1 13 1 0 
3 1 14 6 1 
3 2 1 4 1 
3 2 2 11 1 
3 2 3 10 1 
3 2 4 5 1 
3 2 5 12 0 
3 2 6 9 1 
3 2 7 1 1 
3 2 8 6 1 
3 2 9 3 1 
3 2 10 8 1 
3 2 11 13 1 
3 2 12 14 1 
3 2 13 7 1 
3 2 14 2 1 
4 1 1 9 1 
4 1 2 5 1 
4 1 3 10 1 
4 1 4 13 1 
4 1 5 6 1 
4 1 6 8 0 
4 1 7 2 1 
4 1 8 12 0 
4 1 9 7 1 
4 1 10 1 0 
4 1 11 4 0 
4 1 12 3 1 
4 1 13 14 1 
4 1 14 11 0 
4 2 1 14 1 
4 2 2 3 1 
4 2 3 11 0 
4 2 4 10 1 
4 2 5 13 1 
4 2 6 12 0 
4 2 7 5 1 
4 2 8 7 1 
4 2 9 4 1 
4 2 10 1 1 
4 2 11 8 0 
4 2 12 9 1 
Sensory Panel Raw Data 
4 2 13 6 1 
4 2 14 2 1 
5 1 1 2 1 
5 1 2 5 1 
6 1 3 11 1 
6 1 4 6 0 
~ 1 5 8 1 1 6 4 1 
5 1 7 10 1 
5 1 8 12 1 
5 1 9 14 1 
5 1 10 1 0 
5 1 11 13 1 
5 1 12 9 1 
5 1 13 7 0 
5 1 14 3 1 
5 2 1 1 1 
5 2 2 14 1 
5 2 3 2 1 
5 2 4 5 1 
5 2 5 7 1 
5 2 6 11 1 
5 2 7 9 1 
5 2 8 3 0 
5 2 9 6 1 
5 2 10 13 1 
5 2 11 8 1 
5 2 12 4 1 
5 2 13 10 1 
q 2 14 1~ 1 
6 1 1 8 1 
6 1 2 7 1 
~ 1 ~ l~ 1 1 4 1 
6 1 5 12 0 
6 1 6 14 1 
6 1 7 11 0 
6 1 8 5 1 
6 1 9 10 1 
6 1 10 9 1 
6 1 11 4 1 
6 1 12 6 0 
6 1 13 3 1 
6 1 14 1 0 
6 2 1 1 1 
6 2 2 3 1 
~. 2 3 5 1 
6 2 4 10 1 
6 2 5 6 1 
6 2 6 9 1 
6 ~ 7 4 1 
6 2 8 12 1 
~ 2 9 8 0 
6 2 10 7 1 
~ ~ 11 11 1 
6 ~ 1~ 1" 1 
Sensory Panel Raw Data 
6 2 13 2 1 
6 2 14 13 1 
7 1 1 13 1 
7 1 2 6 0 
7 1 3 14 1 
7 1 4 1 0 
7 1 5 3 1 
7 1 6 8 0 
7 1 7 5 1 
7 1 8 9 1 
7 1 9 11 1 
7 1 10 7 1 
7 1 11 12 1 
7 1 12 10 1 
7 1 13 4 1 
7 1 14 2 1 
7 2 1 14 1 
7 2 2 11 1 
7 2 3 13 1 
7 2 4 5 1 
7 2 5 12 1 
7 2 6 7 1 
7 2 7 9 1 
7 2 8 6 1 
7 2 9 2 1 
7 2 10 4 1 
7 2 11 10 1 
7 2 12 1 1 
7 2 13 3 1 
7 2 14 8 1 
8 1 1 4 1 
8 1 2 13 1 
8 1 3 1 0 
8 1 4 5 0 
8 1 5 6 1 
8 1 6 11 0 
8 1 7 3 1 
8 1 8 9 0 
8 1 9 10 1 
8 1 10 14 1 
8 1 11 8 0 
8 1 12 7 1 
8 1 13 12 0 
8 1 14 2 1 
8 2 1 5 1 
8 2 2 1 1 
8 2 3 13 1 
8 2 4 4 1 
8 2 5 9 1 
8 2 6 7 0 
8 2 7 6 1 
8 2 8 11 0 
8 2 9 3 1 
8 2 10 10 1 
8 2 11 2 1 
8 2 12 8 0 
Sensory Panel Raw Data 
8 2 13 14 1 
8 2 14 12 0 
9 1 1 3 1 
9 1 2 12 1 
9 1 3 7 1 
9 1 4 6 1 
9 1 5 2 1 
9 1 6 8 1 
9 1 7 10 1 
9 1 8 13 1 
9 1 9 9 1 
9 1 10 5 1 
9 1 11 14 1 
9 1 12 4 1 
9 1 13 11 1 
9 1 14 1 0 
9 2 1 2 1 
9 2 2 13 1 
9 2 3 10 1 
9 2 4 1 1 
9 2 5 8 1 
9 2 6 7 1 
9 2 7 4 1 
9 2 8 3 1 
9 2 9 12 0 
9 2 10 11 1 
9 2 11 6 1 
9 2 12 5 1 
9 2 13 9 1 
9 2 14 14 1 
10 1 1 3 1 
10 1 2 4 0 
10 1 3 12 1 
10 1 4 14 1 
10 1 5 8 1 
10 1 6 9 1 
10 1 7 10 1 
10 1 8 2 1 
10 1 9 13 1 
10 1 10 6 0 
10 1 11 5 1 
10 1 12 7 1 
10 1 13 1 0 
10 1 14 11 1 
10 2 1 2 1 
10 2 2 6 1 
10 2 3 13 1 
10 2 4 14 1 
10 2 5 3 1 
10 2 6 12 0 
10 2 7 5 1 
10 2 8 10 1 
10 2 9 9 1 
10 2 10 8 1 
10 2 11 4 0 
10 2 12 11 1 
Sensory Panel Raw Data 
10 2 13 1 1 
10 2 14 7 1 
11 1 1 9 1 
11 1 2 4 0 
11 1 3 11 1 
11 1 4 2 1 
11 1 5 6 1 
11 1 6 13 1 
11 1 7 12 0 
11 1 8 3 1 
11 1 9 1 0 
11 1 10 8 0 
11 1 11 10 1 
11 1 12 14 1 
11 1 13 7 1 
11 1 14 5 1 
11 2 1 3 1 
11 2 2 14 1 
11 2 3 13 1 
11 2 4 6 1 
11 2 5 5 1 
11 2 6 12 1 
11 2 7 7 1 
11 2 8 1 1 
11 2 9 9 1 
11 2 10 2 1 
11 2 11 11 1 
11 2 12 10 1 
11 2 13 8 1 
11 2 14 4 0 
12 1 1 10 1 
12 1 2 6 1 
12 1 3 8 0 
12 1 4 12 1 
12 1 5 5 1 
12 1 6 14 1 
12 1 7 4 0 
12 1 8 9 1 
12 1 9 1 0 
12 1 10 13 1 
12 1 11 11 1 
12 1 12 2 1 
12 1 13 7 0 
12 1 14 3 1 
12 2 1 7 0 
12 2 2 2 1 
12 2 3 3 1 
12 2 4 5 1 
12 2 5 14 1 
12 2 6 4 0 
12 2 7 9 1 
12 2 8 11 0 
12 2 9 13 1 
12 2 10 10 1 
12 2 11 1 1 
12 2 12 8 1 
Sensory Panel Raw Data 
12 2 13 6 1 
12 2 14 12 0 
13 1 1 1 0 
13 1 2 14 1 
13 1 3 5 1 
13 1 4 12 1 
13 1 5 4 0 
13 1 6 10 1 
13 1 7 11 1 
13 1 8 9 1 
13 1 9 3 0 
13 1 10 13 1 
13 1 11 6 1 
13 1 12 8 0 
13 1 13 7 0 
13 1 14 2 1 
13 2 1 4 0 
13 2 2 11 0 
13 2 3 1 1 
13 2 4 13 1 
13 2 5 6 1 
13 2 6 12 0 
13 2 7 5 1 
13 2 8 14 1 
13 2 9 10 1 
13 2 10 3 1 
13 2 11 7 1 
13 2 12 8 1 
13 2 13 2 1 
13 2 14 9 1 
14 1 1 11 0 
14 1 2 3 0 
14 1 3 14 1 
14 1 4 13 1 
14 1 5 8 1 
14 1 6 12 1 
14 1 7 6 1 
14 1 8 2 1 
14 1 9 7 1 
14 1 10 9 1 
14 1 11 4 0 
14 1 12 1 0 
14 1 13 5 1 
14 1 14 10 0 
14 2 1 11 0 
14 2 2 12 1 
14 2 3 8 1 
14 2 4 5 1 
14 2 5 2 0 
14 2 6 1 1 
14 2 7 14 0 
14 2 8 3 0 
14 2 9 10 1 
14 2 10 13 0 
14 Z 11 6 1 
14 2 12 9 1 
Sensory Panel Raw Data 
14 2 13 7 0 
14 2 14 4 0 
15 1 1 14 0 
15 1 2 4 0 
15 1 3 5 0 
15 1 4 10 1 
15 1 5 1 0 
15 1 6 12 0 
15 1 7 8 0 
15 1 8 6 0 
15 1 9 9 1 
15 1 10 13 1 
15 1 11 2 1 
15 1 12 7 0 
15 1 13 3 1 
15 1 14 11 0 
15 2 1 12 0 
15 2 2 1 1 
15 2 3 6 1 
15 2 4 9 1 
15 2 5 13 1 
15 2 6 2 1 
15 2 7 10 1 
15 2 8 5 1 
15 2 9 7 0 
15 2 10 8 0 
15 2 11 14 1 
15 2 12 4 0 
15 2 13 3 1 
15 2 14 11 0 
16 1 1 7 1 
16 1 2 5 1 
16 1 3 11 0 
16 1 4 1 0 
16 1 5 9 1 
16 1 6 14 1 
16 1 7 2 1 
16 1 8 3 1 
16 1 9 8 0 
16 1 10 12 0 
16 1 11 13 1 
16 1 12 4 1 
16 1 13 6 1 
16 1 14 10 1 
16 2 1 13 1 
16 2 2 3 1 
16 2 3 5 1 
16 2 4 11 0 
16 2 5 9 1 
16 2 6 12 0 
16 2 7 8 1 
16 2 8 7 1 
16 2 9 14 1 
16 2 10 1 1 
16 2 11 2 1 
16 2 12 10 1 
Sensory Panel Raw Data 
16 2 13 6 1 
16 2 14 4 0 
17 1 1 8 0 
17 1 2 2 1 
17 1 3 11 0 
17 1 4 10 1 
17 1 5 12 0 
17 1 6 5 1 
17 1 7 3 1 
17 1 8 9 1 
17 1 9 13 1 
17 1 10 1 0 
17 1 11 6 1 
17 1 12 14 1 
17 1 13 4 0 
17 1 14 7 0 
17 2 1 5 1 
17 2 2 2 1 
17 2 3 8 1 
17 2 4 7 0 
17 2 5 10 1 
17 2 6 3 1 
17 2 7 6 1 
17 2 8 1 1 
17 2 9 13 1 
17 2 10 14 1 
17 2 11 4 0 
17 2 12 11 1 
17 2 13 9 1 
17 2 14 12 0 
18 1 1 8 1 
18 1 2 10 1 
18 1 3 5 1 
18 1 4 4 1 
18 1 5 12 1 
18 1 6 9 1 
18 1 7 3 1 
18 1 8 1 0 
18 1 9 2 0 
18 1 10 14 1 
18 1 11 13 1 
18 1 12 6 1 
18 1 13 7 0 
18 1 14 11 0 
18 2 1 6 1 
18 2 2 11 0 
18 2 3 7 1 
18 2 4 1 
18 2 5 3 1 
18 2 6 9 1 
18 2 7 2 1 
18 2 8 14 1 
18 2 9 12 1 
18 2 10 8 1 
18 2 11 10 1 
18 2 12 13 1 
Sensory Panel Raw Data 
18 2 13 5 1 
18 2 14 4 1 
19 1 1 10 1 
19 1 2 2 1 
19 1 3 13 1 
19 1 4 6 1 
19 1 5 14 0 
19 1 6 7 0 
19 1 7 8 0 
19 1 8 1 0 
19 1 9 12 0 
19 1 10 4 1 
19 1 11 5 1 
19 1 12 3 0 
19 1 13 11 0 
19 1 14 9 1 
19 2 1 8 0 
19 2 2 4 1 
19 2 3 2 1 
19 2 4 10 1 
19 2 5 7 0 
19 2 6 14 0 
19 2 7 9 1 
19 2 8 6 1 
19 2 9 13 1 
19 2 10 1 1 
19 2 11 12 1 
19 2 12 5 1 
19 2 13 11 0 
19 2 14 3 1 
20 1 1 12 0 
20 1 2 14 1 
20 1 3 8 0 
20 1 4 2 1 
20 1 5 7 1 
20 1 6 1 0 
20 1 7 10 1 
20 1 8 6 1 
20 1 9 3 1 
20 1 10 13 1 
20 1 11 5 0 
20 1 12 4 1 
20 1 13 11 1 
20 1 14 9 1 
20 2 1 13 1 
20 2 2 7 0 
20 2 3 1 1 
20 2 4 2 1 
20 2 5 4 1 
20 2 6 11 1 
20 2 7 5 1 
20 2 8 12 1 
20 2 9 3 1 
20 2 10 10 0 
20 2 11 6 1 
20 2 12 9 1 
Sensory Panel Raw Data 
20 2 13 8 1 
20 2 14 14 1 
21 1 1 8 0 
21 1 2 10 1 
21 1 3 5 1 
21 1 4 4 1 
21 1 5 12 1 
21 1 6 9 1 
21 1 7 3 1 
21 1 8 1 0 
21 1 9 2 1 
21 1 10 14 1 
21 1 11 13 1 
21 1 12 6 1 
21 1 13 7 0 
21 1 14 11 1 
21 2 1 5 1 
21 2 2 12 0 
21 2 3 3 1 
21 2 4 10 1 
21 2 5 6 1 
i1 2 6 13 1 
21 2 7 7 0 
21 2 8 1 1 
Z1 '. t 9 2 1 
" 
21 2 10 4 1 
21 2 11 11 0 
~1 2 12 9 1 
21 2 13 8 0 
21 2 14 14 1 
Water- pH and Titratable Acidity Raw Data 
Water Bottle # Sample pH TA- TA-
# HCL NaOH 
E 20 1 7.91 6400 
E 20 2 8.16 6850 
N 11 1 8.05 4700 
N 11 2 8.45 5650 
E 19 1 7.86 6400 
E 19 2 7.85 6200 
M 11 1 8 4500 
M 11 2 8.04 5000 
E 18 1 7.88 6800 
E 18 2 7.51 4600 
N 10 1 8.49 5500 
N 10 2 8.25 5000 
G 11 1 8.07 3400 
G 11 2 8.04 3500 
M 10 1 8.48 6050 
M 10 2 8.43 5800 
E 17 1 7.92 6850 
E 17 2 7.62 5800 
E 21 1 8.12 6050 
E 21 2 8.03 5800 
M 9 1 8.11 4800 
M 9 2 7.95 5850 
G 12 1 8.28 3500 
G 12 2 7.99 3600 
S 20 1 6.5 300 
S 20 2 7.05 0 
S 18 1 6.84 100 
S 19 1 6.6 350 
S 19 2 7.02 0 
S 17 1 6.96 50 
N 6 1 8.53 5750 
N 6 2 8.49 5550 
E 12 1 7.95 6750 
E 12 2 7.97 6000 
G 8 1 8.42 3800 
G 8 2 7.93 2850 
E 11 1 7.98 6900 
E 11 2 7.82 6200 
G 9 1 8.43 3800 
G 9 2 8.38 3600 
E 13 1 7.89 4700 
E 13 2 8.22 4300 
M 7 1 8.44 4950 
M 7 2 8.02 3500 
N 7 1 8.48 4250 
N 7 2 8.44 4000 
E 15 1 7.97 5150 
E 15 2 8.33 4300 
N 9 1 8.37 5050 
N 9 2 8.44 5400 
G 10 1 8.4 3350 
G 10 2 8.41 3850 
N 8 1 8.55 5750 
N 8 2 8.56 5800 
Water- pH and Titratable Acidity Raw Data 
G 7 1 8.33 3550 
G 7 2 8.4 3600' 
M 8 1 8.22 5000 
M 8 2 8.46 5800 
E 16 1 8.34 4750 
E 16 2 8.44 4250 
M 2 1 8.4 5200 
M 2 2 7.89 3000 
M 6 1 8.513 5500 
M 3 1 8.43 5100 
N 1 1 8.34 4400 
N 5 1 8.26 3950 
E 4 1 7.36 3350 
E 5 1 8.37 3800 
E 6 1 8.38 3750 
E 7 1 8.4 3850 
E 2 8.22 13000 
M 5 8.6 7000 
G 1 8.53 9000 
S 18 7.54 1000 
E 8 8.56 7250 
S 12 7.48 550 
N 2 8.54 9700 
M 1 8.5 7200 
S 9 8 2000 
N 4 8.57 8300 
S 2 7.53 700 
S 7 7.23 300 
S 8 7.22 200 
S 17 7.61 1250 
S 11 7.28 400 
E 9 8.33 8100 
E 3 8.44 6800 
E 2 8.49 6700 
S 5 7.83 1500 
S 14 7.42 400 
S 19 7.26 350 
S 12 7.22 400 
S 10 7.2 350 
M 5 8.7 11100 
N 2 8.51 9300 
S 14 7.53 650 
S 6 7.28 450 
S 13 7.85 1400 
S 15 7.24 350 
S 13 7.15 250 
S 6 7.34 700 
S 15 7.93 1500 
16 7.24 150 
G 2 8.54 6400 
M 1 8.34 7850 
E 1 8.48 7200 
S 11 7.45 650 
16 7.42 700 
G 2 8.55 6400 
S 10 8.09 3000 
Water- pH and Titratable Acidity Raw Data 
M 5 8.03 5900 
E 7 8.4 7000 
E 10 8.56 6500 
S 5 7.47 350 
E 5 8.44 7200 
N 9 8.51 6750 
G 6 8.38 6500 
M 3 8.1 8200 
G 5 8.47 6100 
E 10 8.43 7100 
M 6 8.47 8450 
N 5 8.51 7800 
E 14 7.98 11150 
S 4 7.49 600 
E 14 8.31 6400 
G 6 8.49 6400 
E 9 8.5 6900 
N 9 8.49 7250 
E 8 8.44 7000 
N 4 8.61 8800 
S 3 7.68 1200 
E 4 8.46 5700 
N 1 8.52 6450 
E 6 8.47 6000 
G 1 8.51 6000 
E 1 8.52 6750 
S 1 7.52 600 
N 3 8.45 6200 
S 9 7.43 600 
M 4 8.35 5550 
S 1 7.47 600 
S 2 7.25 350 
S 7 7.22 300 
G 4 8.55 6650 
M 4 8.44 4700 
G 3 8.6 6950 
G 4 8.62 700 
N 3 8.19 9200 
G 3 8.55 6950 
E 3 8.4 7950 
G 5 8.4 6200 
S 4 7.56 600 
S 8 7.3 350 
S 3 7.17 250 
WATER REP SAMPLE pH 
# 
N 7 1 5.61 
G 1 1 8.06 
E 2 1 8.24 
N 5 1 7.16 
E 1 1 7.14 
G 5 1 5.97 
G 2 1 6.93 
G 7 1 7.3 
G 6 1 7.14 
Water- pH and Titratable Acidity Raw Data 
N 3 1 6.99 
N 7 2 6.65 
E 8 1 7.2 
G 3 1 6.91 
G 5 2 6.19 
E 5 1 8.41 
N 2 1 6.04 
N 8 1 6.82 
N 1 1 5.98 
N 4 1 6.34 
E 3 1 8.16 
E 8 1 7.89 E 6 7.57 
G 7 2 6.81 
N 6 1 7.12 
G 2 2 6.79 
G 3 2 7.7 
~ 2 2 8.3 4 1 6.88 
N 6 2 6.46 
E 5 2 8.32 
N 1 2 5.84 
E 1 2 8.29 
N 5 2 6.53 
N 4 2 6.37 
G 4 2 6.88 
N 3 2 7.47 
E 7 1 7.15 
N 8 2 5.6 
E 7 2 7.28 
S 4 2 3.25 
M 4 2 5.71 
M 2 2 5.76 
S 8 2 3.43 
M 8 2 5.64 
M 7 1 5.9 
S 1 1 3.19 
M 2 1 5.89 
M 1 1 5.49 
M 3 1 5.89 
M 6 2 6.25 
S 4 1 3.21 
M 8 1 6 
S 2 1 3.52 
M 1 2 5.53 
M 7 2 6.09 
S 7 1 4.51 
S 2 2 3.27 
M 4 1 5.74 
M 6 1 6.31 
S 8 1 3.29 
S 7 2 3.57 
S 3 2 3.36 
S 3 1 3.49 
